This paper highlights key opportunities for technology design for informal caregivers who provide long-term in-home care. For this purpose, a study with informal caregivers was conducted, including interviews (N=4) and online questionnaires (N=34) based on holistic analysis of supportive technologies. These investigations provide a deeper understanding of the key opportunities in the design of technologies to support the caregiver, namely (1) making caregivers better informed and more aware of existing solutions (2) increasing awareness of the caregivers' own wellness; (3) cherishing the valuable, positive moments of caregiving (e.g. by capturing precious moments) and (4) encouraging meaningful social interactions among caregivers for strengthening social ties.
Introduction
Long-term care for older adults and people with (chronic) illness or disabilities is increasingly being provided in-home, instead of in institutions [10, 12] . As a result, there is a large and growing number of informal caregivers [12] ; people (e.g. family members, friends or neighbors, and often women [12, 31] ) providing the needed long-term (in-home) care as nonprofessionals for their loved one. The extent of required assistance from an informal caregiver depends on the care recipients' needs and the amount of available informal-and professional help (e.g. nurses). Their workload can vary from help with some household chores, to daily total and complex care (such as bathing, administering medications or dressing wounds), when a care recipient is fully dependent on his or her caregivers. As informal caregivers have become imperative to (home) care provision, the impact of caregiving on informal caregivers' health and caregiver burden have come to be well-studied topics. Over time, caregiving can take a toll on informal caregivers emotionally [1, 17, 25] , physically [1, 25] and socially [1, 3] .
Solutions for caregiving
We have identified various non-digital support efforts to help and unburden informal caregivers, such as informal care organizations (that provide information and training), respite care (temporary relieve of care responsibilities by transferring it to others), social support (e.g. support group meetings) and services to help decrease the task load (e.g. household help or meal delivery services). In technology-related fields such as Human Computer Interaction (HCI) and information and communication technologies (ICT) there has also been a growing interest in solutions for the context of in-home care (e.g. (sensor) monitoring solutions [15, 18, [28] [29] [30] , self-management of health for patients [2, 19, 21] , assistive technologies for the home [8, 9, 13] and coordination of care amongst caregivers [4, 5, 22] ). However, in general, the vast majority of such research still largely focuses on technological solutions that are patient-centric, while aiming to help provide more efficient or effective care, and do not particularly prioritize the caregivers' needs and their wellbeing. Some researchers [6] argue that systems and tools for in-home care and caregiving -particularly the ones focusing on providing efficient patient carecan even add to the burden that a caregiver experiences. Also, such research (and its solutions) is often aimed towards caregivers of a specific patient group (e.g. ageing [6, 22] , Alzheimer's disease [20, 24, 27] or depression [32] ) and not so much on caregivers as a group in general. Moreover, most studies have focused on the negative aspects of caregiving, such as less life satisfaction and depression [1] . Nonetheless, there are also positive (emotional) sides to providing informal care such as companionship, fulfilment, love and personal development [7, 25, 26] that deserve more highlighting. Therefore, although ICT are increasingly being explored as a possible solution for health care related issues such as in-home care, these predominantly focus on illness rather than wellness [14] . The challenge in the context of HCI and informal care is to design technologies that are truly desired and helpful for its users [22] . Consequently, this work particularly aims to increase understanding of the needs of informal caregivers in general and assesses their attitudes towards current and potential technological solutions. The contribution of this work is the identification of opportunities for the design of 2) Semi-structured interviews were conducted with informal caregivers (N=4). Each session took about 1.5 hours and was audio-recorded and transcribed for analysis afterwards. During the interviews, the researchers focused on identifying problems that the informal caregivers faced in the context of their care situation, on positive coping strategies that they applied, and on discussing their current technology usage and desires. To measure the informal caregivers' perceived burden, the 13-item Caregiver Strain Index (CSI) [23] was used during each interview. The care situations and health concerns of the care recipients of the study population were diverse, yet all caregivers provided care to someone in-home in or close to Amsterdam.
3) To compliment the interview study and increase understanding of caregiver needs from a broader group of participants, an online questionnaire was distributed through Dutch and English Facebook support groups to informal caregivers of patients with various illnesses and health concerns. This questionnaire comprised the same questions as the interview study and therefore the results of the two studies were analyzed together.
On top of this, more informal research methods were used, namely volunteering as a respite worker for several hours a week for 9 months throughout the study. This was primarily done to better engage and connect with the target audience and support groups.
Study findings
Interviews & questionnaire study The interview (N=4) and questionnaire study (N=34) led to 38 participants in total (age range: 17-82) from which 35 were female and 3 were male (N=38: 14
Scenarios
An overview of the scenario solutions that were proposed to caregivers (N=38), ranked by mean score of appreciation on a five-point scale (1=poor, 5=excellent). For our interview study, it was challenging to recruit participants. Indeed, participating in a study typically takes time and resources. This is a particular point of concern in the case of caregivers, as this group is typically already overloaded. Consequently, not only the designed solution, but also the research method should evidently not overload the participant. Also, caregiving is a personal and delicately private affair. Caregivers in the Netherlands are usually not (formally) known or registered. Thus additionally, creative tactics -such as volunteering for informal care support groups-to better engage with in-home caregivers should be explored.  Deploy research and design approaches that are more positive-oriented: Approaches inspired by positive psychology, e.g. the experience sampling method [11] , could be promising for capturing positive moments and moving away from the negative stressors of caregiving. This novel perspective focuses on wellness (of the caregiver) instead of illness (of the care recipient).  Be mindful of techno-solutism: The results showed that participants generally believed more in a financial solution, than a technological one. Thus, technology should not be seen as the sole solution. Still, the participants also believed that technologies can support the caregiver. The paper outlined several design opportunities to do so.
The aim of this study was to investigate whether and how technological solutions can truly contribute to unburdening informal caregivers. For this purpose, the needs of caregivers and current and potential ICT solutions were investigated to identify which aspects of these systems are desired. It is now key that such potential new solutions are studied in interactive usage and designed in close collaboration with caregivers so to best match with the surrounding context of its users. This is important because the success of work in this area depends on adequately identifying and responding to caregivers' needs, as well as understanding and incorporating appropriate strategies for technology design and development that is truly supportive.
13.
Remote care provision (Mean=3.1 / SD=1.4 / used by 5%). Communicating with healthcare professionals from home through an audio/video connection.
14. Self-measurement tool for care recipient (Mean=3.1 / SD=1.4 / used by 24%). Using tools to measure and track the health of the care recipient at home. 15 . Life book (Mean=2.8 / SD=1.6 / used by 24%). Creating a book about the life of the care recipient together with family, friends and the care recipient. 16 . How are you doing? (Mean=2.7 / SD=1.5 / used by 16%). An application through which the caregiver and care recipient can indicate how they are doing. 
